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Abstract 


A discontinuous 70m sediment core was extracted from the volcanic crater of Pejark Marsh to temporally extend the existing 
Quaternary record of vegetation and environments from the Western Plains of Victoria. The sequence was fission track dated to the 
Early—Middle Pleistocene transition. Both the sediments and the aquatic pollen indicate a general lake shallowing and progressive 
increase in drying and peat deposition events. The major dry land pollen taxa are similar to those that dominate the late Quaternary 
records from the area and indicate the alternation of regionally dominant sclerophyll forest during wetter periods and steppe or open 
woodlands during drier periods. A major feature of the pollen record is the presence of a number of regionally extinct taxa in the 
basal half of the record. Some of these taxa, including Araucaria, Canthium and Microcachrys, represent major range extensions of 
previously considered regionally extinct taxa into the Pleistocene. Tentative correlation with the marine oxygen isotope record 
suggests that the sequence may extend from isotope stages 30 to 17 with major changes within the record relating to the transition 
from the higher frequency, lower amplitude, orbitally forced climatic cycles of the Early Pleistocene to the lower frequency, higher 


amplitude cycles of the Middle—Late Pleistocene. © 2001 Elsevier Science Ltd and INQUA. All rights reserved. 


1. Introduction 


The maars and topographic depressions in the 
volcanic Western Plains of Victoria have been the focus 
of research into the Quaternary vegetation and environ- 
mental history of southeastern Australia for over 30 
years. The majority of sediment-based studies have 
provided records for the Holocene and very late 
Pleistocene from palynology (Yezdani, 1970; Dodson, 
1974, 1979; D’Costa, 1989; Head, 1989; Crowley and 
Kershaw, 1994), lithostratigraphy and mineralogy 
(Bowler and Hamada, 1971; Bowler, 1981; Gell et al., 
1994), diatoms (Churchill et al., 1978; Gell et al., 1994; 
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Gell, 1998), ostracods (De Deckker, 1982; D’Costa, 
1989) and ostracod chemistry (Chivas et al., 1983, 1985). 
In association with hydrological modelling based on 
several of these records (Jones et al., 1998), they provide 
a high resolution sequence of changing effective 
precipition, unprecedented in Australia. Records ex- 
tending into the Middle Pleistocene, predominantly 
palynological, have been produced from the maar 
sediments of Lake Terang (D’Costa, 1989; D’Costa 
and Kershaw, 1995) and Lake Wangoom (Edney et al., 
1990; Harle, 1998; Harle et al., 1999). Lake Wangoom is 
estimated to cover about the last 200 thousand years 
(ka) while the time span of the Lake Terang record is 
less certain, but may embrace the last 450ka (Urban 
et al., 1996). All records indicate clear changes in 
moisture levels in relation to major glacial cyclicity with 
interglacial periods generally indicating higher moisture 
availability and greater forest representation than glacial 
periods. 
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This study of Pejark Marsh, a volcanic maar older 2. The site and its regional setting 
than any previously examined, was undertaken in order 
to further extend the Quaternary record of vegetation Pejark Marsh (38%13'12/S 142%56'6"E) is approxi- 
and climate within the Western Plains region and to mately 5 km? in extent (Fig. 1) and is one of more than 
contribute towards the establishment of a Quaternary 400 eruption points that occur in the Central Highlands 
biostratigraphy for southeastern Australia. and Western Plains of Victoria relating to the Newer 


“La e Terang 


Metres 
Contour height in metres 


Fig. 1. Location of the study site, Pejark Marsh and other volcanic features in its vicinity. 
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Volcanics phase of volcanic activity. The eruption phase 
started about 4.6 Ma, peaked at 2.4 Ma, and continued 
almost to the present day (Price et al., 1988). Pejark 
Marsh is one of approximately 40 maar volcanoes, 
along the southern margin of the Western Plains, 
between Colac and Warrnambool, that were created 
by rising magma coming in contact with water rich 
layers of Tertiary sedimentary rocks (Birch, 1994). 

The marsh is visible only as a slight depression in the 
basaltic landscape. It was originally identifiable, within 
regional open eucalypt woodland, by poor drainage and 
the possession of a dense cover of Leptospermum and 
Eucalyptus (Spencer and Walcott, 1911). The site has 
been previously discussed in the literature; (Keble, 1947; 
Gill, 1953) due to the discovery of megafaunal remains 
when the marsh was drained. 

The Western Plains area experiences a temperate 
climate with warm, often hot summers and seasonally 
distributed rainfall with a strong winter maximum 
(Land Conservation Council, 1976). The bioclimatic 
prediction system BIOCLIM (Busby, 1991) estimates 
that the Terang area receives a mean annual rainfall of 
about 800mm of which about 260 mm falls during the 
coolest three months (June to August) and only half this 
amount during the summer three months (December to 
February). Mean annual temperature is around 13.3°C, 
with means of 8.8°C and 18.1°C for the coolest and 
warmest quarters, respectively. 

The present vegetation of the Western Plains of 
Victoria consists largely of pasture and grazing formed 
by introduced sward-forming grasses and legumes 
(Australian Surveying and Land Information Group, 
1990). The natural vegetation was grassland with grassy 
woodland and open forest largely along watercourses 
and around scoria cones (Norman, 1993). The wood- 
lands were dominated by Eucalyptus, but also included 
Acacia, Callitris and Casuarinaceae with a tussock grass 
ground layer (Australian Surveying and Land Informa- 
tion Group, 1990). 

Within the broader region of Western Victoria a 
number of other vegetation communities are repre- 
sented. South of the basalt plains in the Otway Ranges 
tall open forest (wet sclerophyll forest) occurs in areas 
where rainfall exceeds 1200mm annually (McKenzie 
and Kershaw, 2000). At altitudes above 500m, Eu- 
calyptus regnans 1s the dominant species, while at lower 
altitudes it forms mixed stands with other Eucalyptus 
species and Acacia melanoxylon. These form a canopy 
over broad-leaved shrubs including, Hedycara angusti- 
folia, Olearia argophylla, Phebelium squameum, Poma- 
derris aspera and Bedfordia arborescens. Within this 
forest, in areas where rainfall is above 1200 mm such as 
in sheltered gullies and extending out into valleys where 
rainfall exceeds 1800 mm, small patches of closed forest, 
or cool temperate rainforest, dominated by Nothofagus 
cunninghamii occurs (Parsons et al., 1977). To the north 


and northwest of the Western Plains, where mean 
annual rainfall is less than 600mm, open Eucalyptus 
forest with a low sclerophyllous shrub understorey (dry 
sclerophyll forest) occurs and grades into woodland and 
open woodland with Eucalyptus, Acacia, Callitris and 
Casuarinaceae, as rainfall further decreases (Australian 
Surveying and Land Information Group, 1990). 


3. Methods 


Pejark Marsh was drilled in 1991 as part of the 
Western District Maar Drilling Program, a joint project 
of the Basin Studies Unit of the Geological Survey of 
Victoria and the School of Geography and Environ- 
mental Science, Monash University. Coring reached a 
total depth of 99.0 metres. Unfortunately, problems 
with the drilling rig resulted in a number of missing core 
sections. 

The retrieved core sections had their lithology logged 
(Edwards, 1991). Samples were then taken from the peat 
that underlies the capping tuff for radiocarbon dating 
and uranium/thorium (U/Th) disequilibrium dating 
(Heijnis and van der Plicht, 1992), in an attempt to 
establish a minimum age for the sequence. A bulk 
sample from a depth of 360cm was submitted to the 
Radiocarbon Laboratory, University of Waikato, New 
Zealand, while three samples from depths of 363 to 365, 
381 to 383 and 396 to 398 cm, were sent for U/Th dating 
at the Australian Nuclear Science and Technology 
Organisation (ANSTO), Sydney. Methodology of U/ 
Th dating followed that described for samples from 
Lake Wangoom (Harle et al., 1999). 

Subsequently, some of the volcanic units within the 
cored section were examined for their suitability for 
zircon fission track dating, which has demonstrated 
potential to date geologically young tuffaceous deposits 
(e.g. Gleadow, 1980; Morwood et al., 1998). One sample 
was taken from a core section of the capping tuff 
between 310 and 350cm, one from a basaltic gravel at 
6960—6970cm, and two from volcanic sandstones at 
6335-6338 and 8890-8900cm. All four were first 
crushed and zircons in the 60-250 um size range were 
separated using a Gemini table, and standard magnetic 
and heavy liquid techniques. Zircons from the two 
samples which yielded adequate numbers of grains 
(sample PM-FT-1 at 310—350 cm and sample PM-FT-4 
at 6335-6338cm) were mounted in FEP Teflon, 
and after optical polishing, were etched in a eutectic 
KOH-NaOH melt (Gleadow et al., 1976) at 225°C for 
^ 125 h. Neutron irradiations were carried out in a well- 
thermalised flux in the HIFAR reactor, ANSTO. 
Fission track ages were measured using the external 
detector method (Gleadow, 1981) with Brazil Ruby 
muscovite being used to record induced tracks. The 
muscovite detectors were etched for 20 min in 48% HF 
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at room temperature to reveal the induced tracks. 
Thermal neutron fluences were monitored by measuring 
track density recorded in muscovite attached to pieces of 
either the CN1 standard glass (PM-FT-1) or the U3 
standard glass (PM-FT-4). Fission track ages in each 
grain mount were counted in transmitted light using a 
dry 100 x objective at a total magnification of 1600 x . 
Only zircons with sharp polishing scratches were 
counted. At least 65 individual grains were dated from 
both samples. Ages were calculated using the standard 
fission track age equation using the zeta calibration 
method (Hurford and Green, 1982) and errors were 
calculated using published methods (Green, 1981). 
Personal zeta calibration factors (for POS) of 125.53 
(CNI) and 87.8+5 (U3) were determined empirically 
using zircon age standards with independently known 
ages. 

For palynology, centimetre wide slices of the core 
were taken at approximately 20cm intervals where 
possible. A 1cc sample was taken from each slice for 
palynology. The remaining material from each slice was 
then dried at 105?C to determine moisture content, then 
ignited at 500°C to determine organic loss-on-ignition 
and at 1000°C to determine carbonate content. Initial 
pollen preparation involved hydrochloric acid digestion 
to remove carbonates, followed by a 20 min treatment in 
warm potassium hydroxide to remove humic acids. 
After coarse sieving (180m mesh) to remove large 
particles, the samples were subjected to hydrofluoric 
acid digestion to remove silicates. This procedure was 
followed by acetylation. The pollen residue was then 
mounted in a measured amount of silicone oil 
(AK 2000). 

Slides were examined on Olympus Vanox and BH 
light microscopes at 600x magnification. For each 
sample depth, at least one full slide was counted and 
then scanned at 300 x for rare taxa. Taxon counts were 
then percentaged in relation to the pollen sum of major 
dryland taxa proposed for southeastern Australian 
Quaternary sites (D’Costa and Kershaw, 1997). Minor 
taxa that were deemed ecologically unimportant or 
occurred rarely have been left out of the pollen 
diagrams. Pollen concentration was also estimated. 
Charcoal was counted using the point counting method 
of Clark (1982). Charcoal fragments over 10m were 
counted. Charcoal concentration was estimated as an 
area of charcoal for each unit of original sample. In 
addition a ratio of charcoal to pollen was calculated. 
The pollen diagrams were created using the programs 
TILIA and TILIAGRAPH (Grimm, 1991). 


4. Results 


The basal ten metres of core consist of Gellibrand 
Marl that underlies the Western Plains Newer Volcanics 


Table 1 


Fission track analytical results of volcanic samples from Pejark Marsh. Brackets show number of tracks counted. Standard and induced track densities measured on mica external detectors (g — 0.5), 
and fossil track densities on internal mineral surfaces. Zircon ages calculated using z = 125.5 +3 for dosimeter glass CNI, or z = 87.8 +5 for dosimeter glass U3 (analyst P.B. O'Sullivan) 
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basalts. This marl ranges in age from Oligocene to 
Middle Miocene (Abele et al., 1988) embracing the 
spore-pollen zones Proteacidites tuberculatus to Tripor- 
opollenites bellus of Stover and Partridge (1973). Over- 
lying this marl are 20 metres of volcanic sands, 
interpreted as material slumped from the inner rim after 
maar formation, alternating with minor carbonate 
bands chemically precipitated in shallow water. From 
6980 to 360cm, lake deposits, consisting of sandstone 
and mudstone, are interspersed with volcanic sands 
resulting from other volcanic events in the area. Peat is 
recorded between 2495 and 2400cm and 435 and 
360 cm. The uppermost peat is capped by a tuff which 
is known locally as the Pejark Marsh "sandstone". 
Above this tuff, farming activity has disturbed the 
surface sediments of the marsh. The general stratigraphy 
from the commencement of lake sedimentation at 
6980 cm is included on the pollen diagrams of Figs. 3-8. 

Only the sample 363—365cm was datable by U/Th 
and this returned an age of 15+5ka (LH-7696). A 
substantially older age is suggested by the radiocarbon 
determination of >45ka (Wk-2145) from slightly 
higher in the sequence (358-361 cm). The antiquity of 
the sequence is supported by the zircon fission track ages 


for the two samples that were datable. Analytical results 
for both samples are shown in Table 1, and single-grain 
age distributions (in the form of radial plots) are 
presented in Fig. 2. As shown in Fig. 2, both samples 
contained grains deemed to be obvious contamination, 
based on their significantly older ages. These older 
grains were therefore excluded before a final age 
calculation was made. As a result, sample PM-FT-4 
at a depth of 6335-6338cm yielded a date of 
^ 0.98 +0.09 Ma, while sample PM-FT-1 from a depth 
of 310—350 cm within the capping tuff yielded a date of 
70.74 30.11 Ma (Fig. 2). 

The pollen diagrams are presented as major dryland 
and aquatic groups. Fig.3 displays the southeastern 
Australian pollen sum taxa that provide a regional 
picture of the vegetation. All other pollen diagrams are 
calculated on the same pollen sum. Other dryland tree 
and shrub taxa are shown in Fig.4 and dryland 
herbaceous and woody or herbaceous taxa, along with 
fern spores are shown in Fig. 5. Aquatic pollen and 
spore taxa are included in Fig. 6 while Fig. 7 displays 
other aquatic taxa. Taxa that have not previously been 
recorded from the late Quaternary of the region and are 
possible Tertiary contaminants or relicts, as well as 
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Fig. 2. Single-grain age results in the form of radial plots from the two tuffaceous units dated from Pejark Marsh; PM-FT-1 from a depth of 335 cm, 
and PM-FT-4 from a depth of 6340 cm. The upper plots show all the single-grain ages for each sample, while the lower plots show only the young 
grain-age population representing the minimum age of deposition of each unit. On radial plots, each age has standard error (+20) on the y-axis, its 
actual precision is indicated on the x-axis, and its age is read by extrapolating a line from the 0-point through the plotted point to the logarithmic 
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Fig. 7. Other aquatic taxon diagram from Pejark Marsh. Values for all taxa are percentaged against the dry land sum of the appropriate sample. 


unknown taxa, make up Fig. 8. Summary diagrams of 
major dryland pollen groups along with pollen concen- 
trations and charcoal measures are shown in Fig. 9. 
Comparison between components of the pollen diagram 
is facilitated by inclusion on each figure of a depth-scale, 
the lithology and a zonation derived from a stratigra- 
phically constrained classification option contained in 
the program PSIMPOL (Bennett, 1994), and based on 
the pollen sum taxa. Fourteen zones have been 
recognised although, because of substantial sediment 
gaps, the continuity of relatively stable conditions 
cannot be assumed within periods represented by some 
zones. 

The list of regionally extinct taxa and their occur- 
rences within spot samples taken from the basal 
Gelliband marl and overlying slumped volcanic sand- 
stone is shown in Table 2. 


5. The pollen record (Figs. 3-9) 


Zone PM1 (6980-6700 cm) is characterised by low 
diversity of both dryland and aquatic taxa. Asteraceae 


(Tubuliflorae) generally dominates the dryland pollen 
with fair representation of Poaceae, while Casuarinaceae 
has variable and generally decreasing values through the 
zone. Eucalyptus values are extremely low and there is a 
general absence of other forest and woodland taxa. An 
open Casuarinaceae woodland is inferred. High levels of 
carbonates at the base of the zone may represent 
interaction with underlying carbonate rich volcanic 
sediments. The presence of Cyperaceae suggests the 
existence of some, low diversity, marginal swamp. 
Generally low levels of charcoal indicate limited fire 
activity. 

Zone PM2 (6700—6460 cm). Sclerophyll trees as well 
as herbs (largely Poaceae) have increased relative to 
Asteraceae (Tubuliflorae) and Chenopodiaceae while 
Asteraceae (Tubuliflorae) spineless type is, for the only 
time period in the diagram, virtually absent. Casuar- 
inaceae maintains variable representation and Eucalyp- 
tus, along with other forest taxa such as Dodonaea and 
Pomaderris, is consistently present. Callitris has a single 
high value. An open forest or woodland is inferred, with 
patches of wet sclerophyll forest existing under relatively 
high rainfall compared with the present day. Limited 
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sample. 


burning is indicated by low charcoal values. Cyperaceae 
remains the only aquatic pollen type of any note, while 
other aquatic taxa are represented only by the indeter- 
minate granulate dinoflagellate. Relatively deep water is 
inferred although the carbonate component of the 
sediment is high and organic content low. It could be 
that lake productivity in this early stage was low and 
that carbonate deposition is still reflecting interaction 
with the underlying volcanic sediments. 

Zone PM3 (6460—5680 cm) is characterised by slightly 
increased Eucalyptus and Callitris values, very low 
Casuarinaceae values, substantially increased Astera- 
ceae and Chenopodiaceae percentages and a high 
diversity of ferns including the first notable values for 
the tree ferns Cyathea and Dicksonia. The dominance of 
low growing taxa such as Poaceae, Asteraceae and 
Chenopodiaceae indicates that the tree canopy was very 
open or patchy and that precipitation was reduced from 
PM2. The strong presence of ferns and maintenance of 


some Pomaderris representation suggests that there was 
still a reasonable level of moisture availability. Very high 
values of Cyperaceae, supported by representation of 
Potamogeton and several other aquatics, could indicate 
lower water levels and significant extension of marginal 
swamp. It is possible that ferns and the shrub Melaleuca 
colonised this marginal swamp. Higher aquatic repre- 
sentation is reflected in the sharp increase in organic 
content of the sediments and a reduction to very low 
values of carbonates. Although charcoal concentrations 
are relatively high, the low charcoal/pollen ratios 
suggest that the concentrations may be due to slow 
sediment accumulation rather than high levels of 
burning. 

Zone PM4 (5680-5430 cm). Increases in Casuarina- 
ceae, Dodonaea, Pomaderris and Leptospermum result in 
a higher proportion of trees and shrubs, although the 
herb and herb/shrub components of dry land pollen are 
still high. A regional increase in precipitation from the 
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Fig. 9. Pejark Marsh summary pollen diagram showing ratios of major dry land pollen categories trees and shrubs, woody or herbaceous taxa and herbaceous taxa, total fern spore values as 
percentages of the dry land pollen sum, the dry land pollen sum totals, pollen and charcoal concentrations, the charcoal/pollen ratio, and ratios of the sediment components organic matter, carbonates 
and inorganic matter. 
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Table 2 
Pollen and other microfossils recorded in the volcanic sandstone and Gellibrand Marl at the base of the Pejark Marsh core 


Depth (CM) 7550 8470 8710 8800 8900 8960 9210 9310 9470 9550 9650 9755 9850 9900 
Lithology volc. s.s. volc. s.s. vole. s.s. vole. s.s. vole. s.s. Marl Marl Marl Marl Marl Marl Marl Marl Marl 
Spore-pollen form taxa Spore-pollen affinity 

Spores 

Azolla Azolla (Azollaceae) O O 
Baculatisporites sp. Osmundaceae O 

Ceratosporites sp. cf. Lycopodium O O 

Cingulatisporites bifurcatus Hepaticaceae O O 
Cyathidites australis Cyathea (Cyatheaceae) O O O O O O O © O O 
Cyathidites minor Cyathea (Cyatheaceae) O O 

Cyathidites subtilis Cyathea (Cyatheaceae) O O O 
Cyathidites sp. (granulate) Cyatheaeceae? O O O O O O O O 
Foveotriletes crater Lycopodium (Lycopodiaceae) O O 
Matonisporites ornamentalis Dicksonia antarctica-type (Dicksoniaceae) O O O O O O O 
Monolete psilate Monolete psilate O O O O O O O O 
Polypodiisporites sp. Polypodiaceae O Q O O 
Rouseisporites sp. O 

Rugulatisporites mallatus O 

Unknown trilete O O O O 

Gymnosperms 

Araucariacites australis Araucaria (Araucariaceae) O (9. O O O O O O O O O O O O 
Cupressaceae-type Cupressaceae/Taxodiaceae O O 

Dacrycarpites australiensis Dacrycarpus (Podocarpaceae) O O O 
Lygistepollenites florinii Dacrydium (Podocarpaceae) O O O O O O O 
Phyllocladidites mawsonii Lagarostrobos (Podocarpaceae) O O 
Podocarpidites spp. Podocarpus (Podocarpaceae) O O O O O O O O O O O 
Angiosperms 

Acaciapollentites myriosporites Acacia (Mimosaceae) O O O O 
Anisotrocolporites sp. Pomaderris (Rhamnaceae) O O 
Banksieaeidites elongatus Banksia| Dryandra (Proteaceae) O O 

Canthiumidites bellus Canthium (Rubiaceae) O 

Casuarinidites cainozoicus Allocasuarina (Casuarinaceae) O O O O O O O O O O Q O O 
Chenopodipollis chenopodiaceoides Chenopodiaceae/Amaranthaceae O O O O 
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Table 2 (continued) 


Depth (CM) 
Lithology 


Spore-pollen form taxa 


Spore-pollen affinity 


7550 8470 8710 8800 8900 


volc. s.s. vole. s.s. volc. s.s. volc. s.s. vole. s.s. 


8960 9210 9310 9470 9550 9650 9755 9850 9900 
Marl Marl Marl Marl Marl Marl Marl Marl Marl 


Ericipites scabratus 
Graminidites media 
Haloragacidites amolosus 
Haloragacidites haloragoides 
Haloragacidites harrisii 
Haloragacidites myriophylloides 
Milfordia homeopunctata 
Monotocidites galateus 
Myrtaceidites eucalyptoides 
Mpyrtaceidites parvus/mesonesus 
Nothofagidites ‘brassii’ undifferentiated 
Nothofagidites asperus 
Nothofagidites falcatus 
Pseudowinteropollis calathus 
Proteacidites adenthoides 
Proteacidites obscurus 
Proteacidites spp. 

Quintinia psilatispora 
Sapotaceoidaepollenites rotundus 
Tricolpites cf. Gyrostemonaceae 
Tricolpites sp. 

Tricolporites sp. 

Tubulifloridites antipoda 
Indeterminates 


Dinoflagellates 


Other Algae 
Botryococcus 
Micryhstridium 
Pediastrum 


Microforaminiferal linings 
Radiolaria 


Epacridaceae/Ericaceae 
Poaceae 


Gonocarpus-type (Haloragaceae) 
Casuarinaceae 

Myriophyllum (Haloragaceae) 
Restionaceae 

Monotoca (Epacridaceae) 
Eucalyptus-type (Myrtaceae) 
Myrtaceae (not Eucalyptus) 
Nothofagus Brassospora (Fagaceae) 
Nothofagus Lophozonia (Fagaceae) 
Nothofagus Brassospora (Fagaceae) 
Tasmannia-type (Winteraceae) 
Proteaceae 

Proteaceae 

Proteaceae 

Quintinia (Escalloniaceae) 
Dodonaea (Sapindaceae) 
Gyrostemonaceae 


Tubuliflorae (Asteraceae) 


O 
0 
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O O O 
O O O O 
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previous zone might be inferred from the occasional 
presence of the temperate rainforest taxa Lagarostrobos, 
Nothofagus cunninghamii type and Podocarpus. Acacia 
and Pteridium achieve their highest representation for 
the diagram in this zone. The increase in Cyperaceae to 
near highest values for the diagram, in combination with 
increases in other taxa likely to have been growing on 
the lake margin swamp, including Haloragis, Myrio- 
phyllum and probably Leptospermum, would suggest 
that the lake had continued to shallow. However, this 
could have been due to a continuation of sediment 
accumulation under a stable water level, rather than to a 
fall in lake level. Greater aquatic representation is 
reflected in a further increase in the organic component 
of the sediments. Charcoal values indicate that burning 
was reduced. 

Zone PMS (5430-3950 cm). The sediment gap within 
this zone of about 1200cm makes it unlikely that 
conditions remained consistent through the whole of 
this zone. The dry land components of the basal and 
upper sections of the zone are united by slightly higher 
values for Eucalyptus and Asteraceae (Tubuliflorae) 
spineless type, reduced percentages of Dodonaea, Poma- 
derris and ferns, and overall lower diversity than in the 
previous zone. Some reduction in precipitation in the 
upper part of the zone is suggested and confirmed by 
the aquatics which are characterised by Myriophyllum 
muelleri and Ruppia (together indicative of shallow and 
brackish to saline water). There is a near absence of 
other aquatic taxa, except for Cyperaceae, that has 
much reduced percentages. Precipitated carbonates have 
increased at the expense of organics. 

Zone PM6 (3950-3440 cm ) is characterised by, on 
average, the lowest representation of trees and shrubs in 
the diagram with Eucalyptus almost absent, low overall 
pollen diversity, an almost complete absence of aquatics, 
low sediment organic content and high carbonate 
content. Conversely, charcoal content is the highest for 
the diagram up to this zone in the core. A very open 
herbaceous landscape that experienced regular burning 
with a lake that probably dried frequently, inhibiting 
hydroseral development, is suggested. High Chenopo- 
diaceae values may indicate some presence of salt marsh 
on or around the lake as well as a regional increase in 
semi-arid chenopodiaceous shrublands. 

Zone PM7 (3440-3150 cm) There is a general recovery 
in values of woody taxa, particularly Casuarinaceae, 
Eucalyptus, Dodonaea and Melaleuca, while Poaceae 
percentages are reduced relative to those of Asteraceae. 
However, Chenopodiaceae values remain high and, 
apart from an increase in Cyperaceae, aquatic pollen 
taxa are still poorly represented. The zone is marked by 
single high values of Fabaceae, Cyathea, the aquatic 
taxon Debarya and Eucalyptus unknown verrucate 
species. A sharp increase in organic content of the 
sediment and a reduction in carbonate suggest climate 


amelioration towards the top of the zone, while burning 
levels are reduced. 

Zone PM8 (3150-2955cm) is separated largely on 
high values of Casuarinaceae. In comparison to the 
previous zone, Chenopodiaceae and Callitris values are 
much lower, the latter showing little recovery again 
within the diagram, while both Poaceae and Asteraceae 
percentages are reduced. There is little response in 
aquatic taxa but highest values for regionally extinct 
taxa, including several Nothofagus Brassospora form 
species, are recorded. The zone also contains the only 
occurrence of reworked dinoflagellates. The combina- 
tion of low organic and high carbonate content of the 
sediments, relatively low tree and shrub diversity and 
low fern values suggests that, despite the increase in the 
proportion of woody taxa (largely Casuarinaceae), 
conditions remained relatively dry. There is little 
evidence of biomass burning. 

Zone PM9 (2955-2850 cm) is distinguished by values 
for Poaceae higher than any others in the record and 
consequent reductions in most other pollen sum taxa, 
most notably Casuarinaceae, Eucalyptus and Astera- 
ceae. Cyperaceae values are marginally reduced, but 
major changes in the water body are suggested by the 
first appearance in the record of the marginal swamp 
taxon Typha, the return of the “brackish” indicator 
Myriophyllum muelleri and clear peaks in Cobrico- 
sphaeridium spp. and the indeterminate granulate dino- 
flagellate species. The significance of the changes in the 
aquatic record is difficult to determine but clearly the 
flora was sensitive to relatively minor changes in lake 
conditions at this time. Although there are higher 
charcoal concentrations, the charcoal/pollen ratio curve 
indicates low burning levels. 

Zone PMIO (2850-2710cm). The Poaceae rise of 
Zone PMO is reversed here, with concomitant increases 
in Casuarinaceae, and particularly Asteraceae, that 
returns to zone PM8 values. Eucalyptus, although 
variable, achieves values close to its highest for the 
record. Asteraceae (Tubuliflorae) spineless values re- 
main low, as they have for the previous two zones but 
Pomaderris has a small peak. Of other dry land taxa, 
Chenopodiaceae values are reduced while ferns, parti- 
cularly the tree ferns, have higher representation. The 
aquatic basin responses to inferred regionally higher 
rainfall and greater forest cover were limited, although 
the replacement of Myriophyllum muelleri and other 
aquatic taxa by Pediastrum could indicate that the water 
changed from brackish to fresh. Deeper or more 
permanent water is indicated by an increased sediment 
organic component. Little change is evident in the 
indicators of burning from Zone PM9. 

Zone PM11 (2710-2430cm). Although separated 
from the sediments of zone PM10 by over a metre, the 
high values of sclerophyll trees and shrubs with 
Eucalyptus achieving second highest values for the 
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diagram in this zone probably indicate conditions were 
maintained through the gap period. There is no similar 
response in the other canopy trees, including the 
temperate rainforest taxa, although Pomaderris sustains 
its values. Open eucalypt forest was almost certainly the 
predominant vegetation type since Poaceae values were 
also high. The sediments are represented by the first of 
two peat bands with an organic component of close to 
50%. The carbonate percentage is also high. Peat 
deposition most likely indicates the maintenance of a 
water level close to the surface of the sediment, and 
probably low climatic variability. Shallow open water 
around the coring site is suggested by high levels of 
pollen from Myriophyllum species with some cyperac- 
eous fen, restionaceous bog and myrtaceous scrub (with 
both Leptospermum and Melaleuca) in more marginal 
locations. This combination of eucalypt forest and 
swamp vegetation is characteristic of many locations 
in this region prior to European settlement and impact, 
and similar interglacial conditions might be inferred. 
Fire activity was low. 

Zone PM12 (2430-1470 cm) is represented by almost 
10m of sediment. Although there are short gaps in 
sediment recovery in the zone, vegetation trends in the 
recovered sediments do not suggest that they would 
have experienced very different conditions. Values for 
sclerophyll trees, largely Eucalyptus, are sharply reduced 
at the base of the zone. Increasingly dry conditions are 
suggested through further reductions in Eucalyptus, 
along with the gradual disappearance of Callitris, 
Dodonaea and Pomaderris through the zone. Casuar- 
inaceae, in contrast, has increasing values, as does 
Asteraceae (Tubuliflorae) spiny. The cool temperate 
forest taxa Phyllocladus and Podocarpus are also 
recorded in the lower part of the zone. Fern spores are 
poorly represented although Cyathea is consistently 
present and has an isolated very high value near the top 
of the zone. A shallow lake that dried periodically 
preventing succession to perennial swamp, is suggested 
by low organic contents of the sediment, low percen- 
tages of emergent hydrophytes (including Cyperaceae), 
the virtual absence of restionaceous swamp and swamp 
scrub taxa, and the highest percentages of submerged 
Myriophyllum spp. and other aquatic taxa for the 
record. The lake, during the period represented by the 
lowest part of the zone, appears to have been brackish 
with highest values for Myriophyllum muelleri, the 
presence of Ruppia and absence of the freshwater alga, 
Pediastrum, which has high values above this phase. 
Considering that conditions appear to have become 
drier and perhaps more variable through the zone, with 
non-polliniferous sediments recorded at the top of the 
zone, the apparent change from brackish to fresh water 
is surprising. However, the subsequent decline in 
Pediastrum and increased values for Botryococcus may 
indicate a return to higher salinity levels towards the top 


of the zone. Although charcoal concentrations are 
relatively high, low charcoal/pollen ratios suggest 
consistently low levels of burning. 

Zone PM13 (1470-430 cm). The evidence from the six 
metres of core recovered from this ten metre section 
suggests variable conditions. There are three phases of 
pollen preservation. Intervening the two oldest are 
palynologically barren sediments. The high sclerophyll 
tree and shrub values in the lowest two pollen phases are 
composed largely of Casuarinaceae with both Eucalyp- 
tus and Callitris having very poor representation. Wet 
forest elements are rare, apart from the tree fern 
Cyathea, and it is considered that conditions were close 
to the driest for the record. The high pollen values for 
Casuarinaceae were perhaps derived from local shrubby 
taxa and perhaps also from distant sources. Casuar- 
inaceae is one of the few recorded sclerophyll taxa with 
well-dispersed pollen and a very open vegetation land- 
scape would increase its relative representation. Cyathea 
most likely survived in localised moist environments 
close to the site. The aquatic taxa are similar to those in 
zone PMI2 but the low organic content and high 
Chenopodiaceae suggest frequent lake drying with 
extension of salt marsh over the site during the earliest 
polliniferous phase. Highest charcoal/pollen ratio peaks 
for the sequence are recorded in the upper two 
polliniferous phases. These peaks could be a reflection 
of low pollen production from sparse vegetation or 
increased fire activity. 

Zone PM14 (430-360cm) This zone contains the 
highest proportions of sclerophyll tree and shrub 
pollen for the record and, consequently, the lowest 
woody or herbaceous and herbaceous taxon propor- 
tions. Dry land pollen is dominated by Eucalyptus, 
with highest values for the record. With high values of 
Pomaderris and the only consistent representation 
of the cool temperate rainforest tree, Nothofagus 
cunninghamii, the period marks the greatest expansion 
of forest vegetation in the record—to a level greater 
than achieved in the Holocene for the region. It is likely 
that effective precipitation levels were substantially 
higher than those of today. High and constant 
precipitation is also suggested from the nature of the 
sediments with an organic content of up to 90%. The 
peat swamp appears to have supported a dense cover of 
Cyperaceae fen, Restionaceae and Epacridaceae bog 
and Leptospermum and Melaleuca scrub. The fact that 
sedimentation had virtually filled the basin by this stage 
no doubt prevented the re-establishment of lake condi- 
tions. Although Cyathea values are relatively low, 
perhaps due to exclusion of the tree fern from the bog 
surface, a relatively high diversity of ferns supports 
the interpretation of wet conditions. The only record 
for Blechnum occurs in this zone and it was prob- 
ably growing on the swamp surface. Burning activity 
was low. 


B.E. Wagstaff et al. | Quaternary International 83-85 (2001) 211—232 227 


6. Discussion 
6.1. Nature of the vegetation 


From the major taxa represented, it appears that there 
has been little change in taxonomic nature of the 
vegetation between the Early-Middle Pleistocene and 
the latest Quaternary in this region, at the coarse level of 
identification possible from the pollen. Eucalyptus, 
Casuarinaceae, Asteraceae and Poaceae dominate the 
regional vegetation and variations in their abundance 
allow some recognition of open forest, woodland, 
grassland and perhaps steppe grassland. Pomaderris is 
a good indicator of wet sclerophyll forest while 
Nothofagus cunninghamii indicates the extra-regional 
presence of cool temperate rainforest. Of the major non- 
pollen sum taxa, occasional peaks of Leptospermum, 
Melaleuca and Epacridaceae indicate local shrubland, 
(Kershaw et al., 1994; D'Costa and Kershaw, 1997). 
Relatively high values of Chenopodiaceae indicate the 
regional importance of semi-arid low shrublands and/or 
the periodic presence on site of saltmarsh. The only 
conspicuous taxa included in the dry land pollen 
diagrams, that achieve much greater values in this 
record than they do in late Quaternary records, are 
Callitris and Cyathea. Callitris was excluded from the 
regional sum because of past uncertainty about its 
identification and possible under-representation in some 
sediment types (Kershaw, 1976). However, even in those 
late Quaternary records where good identification has 
been achieved, values do not reach those recorded in the 
earlier part of the Early-Middle Pleistocene sequence. 
Cyathea today is largely restricted to the understorey of 
wetter lowland forests and yet is recorded here, in some 
abundance, within drier vegetation, where there is no 
evidence of a forest cover. It is hypothesised that it was 
restricted to locally moist environments and it has been 
demonstrated from pollen records in New Guinea 
(Hope, 1976) and New Zealand (McGlone and Bath- 
gate, 1983), that 1t has the ability to exist without a tree 
canopy cover under certain conditions. 

Amongst the minor taxa, there are a number of 
regionally extinct taxa that could be either contaminants 
from underlying Tertiary sediments or derived from 
living plants that survived into the Early Pleistocene as 
small populations within major community types or as 
members of remnant communities. A comparison 
between taxa recorded in the underlying marl and 
sandstone (Table 2) and those shown in the Pleistocene 
sequence (Fig. 8) indicates that most of these taxa are 
represented in the marl and therefore contamination is a 
real possibility. Contamination is perhaps most likely in 
those Pleistocene samples that contain reworked marine 
dinoflagellates and/or which contain pollen of Nothofa- 
gus subsection Brassospora that dominated the pollen 
assemblages of the Oligocene to Middle Miocene period 


(Macphail, 1997). The most likely remnant taxa are 
those that are rare in Oligocene to Middle Miocene 
sequences, that do not consistently relate to samples 
with marine dinoflagellates and have limited dispersal 
ability. Those identifiable taxa falling into this category 
are Araucaria, Canthium (Canthiumites bellus), Glischro- 
caryon| Haloragodendron (Stephanocolpites oblatus) and 
Microcachrys (Microcachrydites antarcticus). Araucaria 
is present in all Tertiary samples from the base of the 
core but with low abundance. It is also represented in 
many more samples than Nothofagus Brassospora within 
the Pleistocene sequence, in some cases with other 
regionally extinct taxa and in others instances without. 
Macphail (1996) recorded high numbers of Araucaria in 
an Early Pliocene pollen record from Grange Burn near 
Hamilton in Victoria, but no younger occurrence is 
known within this region. 

Canthiumidites bellus occurs in three samples in a row 
where no other reworked taxa occur. Stover and 
Partridge (1973) record the grain ranging from the base 
of the Miocene (C. bellus Zone) into the Pliocene but the 
taxon has previously been found in association with a 
Pleistocene flora (Wagstaff, 1982) in the Latrobe Valley, 
Gippsland Basin, Victoria. 

Stephanocolpites oblatus occurs rarely in the core, 
once with other regionally extinct taxa, but on other 
occasions without them. This pollen taxon is common in 
the Pliocene but has only trace occurrences in the 
Pleistocene of some parts of southeastern Australia 
(Macphail et al., 1993; Tibby, 1995). Microcachrydites 
antarcticus has one record not associated with any other 
regionally extinct taxa and is unlikely to be a 
contaminant. Microchacrys as a component of cool 
temperate rainforest in Tasmania today, is effectively in 
the same category as Lagarostrobos and Phyllocladus 
although from modern pollen samples (D'Costa and 
Kershaw, 1997) it does not appear to be as effectively 
dispersed. 

Two taxa of unknown affinities were also recorded. 
These were a verrucate Eucalyptus and a small Cyathea 
spore. As neither shows a resemblance to known 
Tertiary taxa, they have not been included in that 
group. Interestingly, they both seem to have occurrences 
when rainforest taxa are present in the core, although 
this is not a consistent feature. 

Most of the taxa that did survive at least into the later 
part of the Early Pleistocene were likely to have been 
growing in small, moist and fire-protected pockets. Taxa 
such as Microcachrys, Phyllocladus and Lagarostrobos, 
now confined to Tasmania, may have been derived from 
there or have been growing with Nothofagus cunning- 
hamii as components of cool temperate rainforest, 
probably in the Otway Ranges. Evidence for the 
presence of Phyllocladus in the Otways until at least 
the Last Interglacial period (McKenzie and Kershaw, 
2000) suggests that this taxon, at least, may have 
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survived in this area through almost the whole of the 
Quaternary period. Taxa such as Araucaria, which is 
today largely confined to drier, subtropical rainforest, 
and has limited pollen dispersal (Kershaw, 1976) most 
likely existed on the Western Plains. 


6.2. Patterns of change 


The most substantial floral changes relate to the crater 
basin where the accumulation of some 70m of sediment 
would have dramatically influenced lake characteristics, 
water quality, colonisation by aquatic plants and the 
depositional environments of dryland pollen. This is the 
first volcanic crater in Australia where coring has 
succeeded in penetrating to the base of the sequence. 

In general terms, there is a hydroseral sequence from 
largely unvegetated open water to swamp and bog. The 
basal two zones (PM1-2) indicate an open water basin 
with little marginal swamp. The lake was sufficiently 
deep to exclude submerged macrophytes from the core 
site. The lack of algal remains suggests also that the lake 
was oligotrophic although there is possible contrary 
evidence from a dinoflagellate species in zone PM2. 
Lake shallowing is indicated through zones PM3-4 with 
more extensive marginal cyperaceous swamp and some 
development of myrtaceous scrub that may have 
extended close to the coring position. Shallow water 
over the coring site was colonised by Myriophyllum and 
Potamogeton. The presence of these taxa and the alga 
Botryococcus indicates some degree of eutrophication. 
This degree of hydroseral development suggests rela- 
tively stable water levels through these zones. 

After a 12m sediment gap due to lack of core 
recovery, zone PMS suggests some reversal of develop- 
ment with retreat of cyperaceous swamp. However, this 
is most likely due to increased salinity, as there is a high 
representation of Myriophyllum muelleri and Ruppia, 
both of which indicate shallow water and are capable of 
growing in brackish water. The very low levels of 
aquatics in zone PM6 could indicate deep water, but 
high percentages of Chenopodiaceae indicate dry con- 
ditions. Variable lake levels are suggested in zones PM7- 
10 before the establishment of more stable swamp 
conditions with deposition of peat in zone PM11. 

Classically, the establishment of myrtaceous scrub 
over the surface of the basin would be seen as the final 
stage to hydroseral succession, but at this site it was only 
a temporary phase. The myrtaceous scrub was disrupted 
and replaced by a shallow open water system colonised 
predominantly by submerged macrophytes and a variety 
of algal forms. The lack of any successional changes 
through some 20m of sediment (zones PM12-13) 
suggests that the climate was sufficiently dry and 
variable to prevent any hydroseral development. The 
lack of pollen preservation in sediments towards the end 
of this period suggests frequent drying of the site and 


oxidation of pollen. The rapid re-establishment of 
swamp supporting myrtaceous scrub and bog commu- 
nities in zone PM14 provides support for the dominance 
of climate over autochthonous processes in determina- 
tion of aquatic community types in the later part of this 
sequence. Any development of more permanent lake 
conditions, under the high precipitation levels of the 
period represented by zone PM14 was prohibited by 
almost total sediment infilling of the volcanic crater. 

When the trends resulting from basin infilling and 
varying sensitivities of taxa and sedimentary environ- 
ments to different stages in this infilling process are 
taken into account, there is good correspondence 
between variations in aquatic environments and inferred 
dry land vegetation in relation to effective precipitation. 
There is difficulty in inferring changes in temperature 
due to a lack of high altitude taxa and the absence of 
modern analogues for cool dry conditions that char- 
acterised glacial periods, at least in the Late Quaternary 
(eg. Kershaw and Bulman, 1996; Harle, 1998). Perhaps 
the most likely indicator of cool conditions is Asteraceae 
(Tubuliflorae) spineless, a taxon whose generic affinity is 
uncertain but which is generally present during glacial 
periods but is virtually absent in the Holocene and, in 
Lake Wangoom, during the peaks of the previous two 
interglacial periods (Harle et al., 1999). 

Periods indicating relatively high precipitation are 
probably best shown by peaks in the wet sclerophyll 
taxon, Pomaderris, which is generally associated with 
high values of other forest taxa with regionally dispersed 
pollen, and frequently the marginal swamp scrub taxa 
Leptospermum and Melaleuca. These peaks are most 
evident in zones PM2, PM4, PM10-11, and PM14 and 
match or exceed similar peaks in the Holocene and most 
recent interglacials in records from the Western Plains. 
In all these zones Asteraceae (Tubuliflorae) spineless 
values are low, with a total absence in zone PM2. 
Consequently, these periods could most probably be 
regarded as interglacials. Reduced responses of Poma- 
derris in zone PM3 and in zone PM7 may indicate 
interstadial periods. A problem with equating the earlier 
peaks of Pomaderris with interglacials is that they lack 
the strong response in Eucalyptus that characterises late 
Quaternary interglacials. It is possible that Eucalyptus 
was excluded from the area initially due to high nutrient 
status soils derived from recent volcanic activity. There 
is certainly an inverse relationship between Eucalyptus 
and Callitris which might suggest that the latter was 
advantaged initially and was then outcompeted by 
Eucalytus progressively during those phases favourable 
for tree growth. However, the response in Eucalyptus 
within the upper part of the record is greater and more 
focused than that of Callitris in the lower part 
suggesting that they were not clearly competitors. 

An alternative suggestion is that there was an increase 
in magnitude of climate cyclicity in the middle of the 
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record that allowed greater expansion of eucalypt 
forests. This suggestion is possibly supported by 
the evidence for drier periods, beginning with that 
evident in zone PM6. This zone, as well as demonstrat- 
ing low water levels, has close to the lowest representa- 
tion of woody taxa and an almost complete absence 
of Eucalyptus and ferns. It might also be supported 
by a decline in regionally extinct taxa. The last 
representation of these pollen taxa is by Araucaria at 
the beginning of zone PM12 just after the initial peak in 
Eucalyptus. 


6.3. Establishment of a tentative chronology 


The fission track determinations of 0.74+0.11 Ma 
from the tuff above the pollen sequence and 
0.98+0.09 Ma from a tuff band close to the base of 
the sequence provide the only reference points from 
the core for establishment of a chronology. Assuming a 
constant sedimentation rate for the sequence using 
these fission track dates, that also makes the assump- 
tion that the tuff layer was deposited onto the 
accumulating swamp surface, then a basal age of 
about 1.01 Ma is determined. Taking account of the 
dating errors (i.e. two standard deviations), the sequence 
could cover somewhere between 0.72 and 1.03 Ma. 
This period embraces the Brunhes/Matuyama boundary 
and Jaramillo polarity event making palaeomagnetic 
dating a possibility. However, preliminary attempts 
to detect palaeomagnetic reversals have proved 
inconclusive. 

The period potentially covers the transition from a 
high frequency, low amplitude climate cyclicity to one of 
lower frequency and higher amplitude as recorded in the 
marine isotope stratigraphy, considered to relate to a 
change from the dominance of orbital forcing at the 
obliquity (ca. 40ka) frequency to that of eccentricity 
(ca. 100 ka) (Shackleton et al., 1990). On the assumption 
that the general inverse relationship between 5'%0 values 
and precipitation, which has been demonstrated from 
palynological evidence for southeastern Australia 
(Harle, 1997; Harle et al., 1999), has extended through 
the period recorded here, tentative correlation with the 
isotope record can be made. 

As previously mentioned, the record clearly shows 
that vegetation in the lower part of the sequence is 
suppressed relative to that in the upper part, suggesting 
an increase in magnitude of climatic variation. Further- 
more, taking account of gaps in the record, the 
frequency of cycles appears greater in the lower than 
the upper part of the sequence. These features suggest 
that the transition between predominantly orbitally- and 
eccentricity-forced cyclicity is recorded. A critical 
feature of the pollen record is the major drying event 
of zone PM6 which could be correlated with isotope 
stage 22, the first glaciation of duration and intensity 


similar to the glacial stages of the Brunhes epoch 
(Shackleton and Opdyke, 1976). Using this as the 
marker, proposed correlations between Pejark Marsh 
zones and isotope stages are shown in Fig. 10. It is 
suggested that the relatively moist period following zone 
PM 6 (i.e. zones PM7-9) relates to the long isotope stage 
21 while the short dry and wet periods of zones 10 and 
11 correlate with cool isotope stage 20 and warm stage 
19, respectively. Zones PM12 and 13 would then cover 
the long cool period of isotope stage 18 and zone PM 14 
would cover at least the first part of the isotope stage 17 
interglacial. Prior to zone PM6, PMS might relate to 
isotope stage 23 with the large 12m gap embracing 
stages 24-26 and missing the major stage 25 interglacial. 
In the lowest part of the sequence, suppressed vegetation 
variation could relate to the low amplitude variations of 
stages 30-27 with the wetter phases of zones PM2 and 4 
correlating with isotope stages 29 and 27, respectively, 
and drier phases of zones PM1 and 3 correlating with 
isotope stages 30 and 28, respectively. 

With this reconstruction, the record would 
cover about 350 ka. The suggested average sediment 
accumulation rate of one metre every 5 ka is very similar 
to that estimated from Lake Wangoom where 42m 
of sediment accumulated in an estimated 215ka 
(Harle, 1998). 
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Fig.10. Hypothesised correlation between the benthonic oxygen 
isotope record of Shackleton et al. (1990) and pollen zones from 
Pejark Marsh. 


230 B.E. Wagstaff et al. | Quaternary International 83-85 (2001) 211—232 


7. Conclusions 


The palynological record, although discontinuous, 
provides a tantalising glimpse into the nature and 
dynamics of vegetation and environments on the 
Western Plains of Victoria through the transition from 
the Early to Mid Pleistocene period. The major recorded 
taxa are similar to those that have dominated the 
vegetation of the region in the late Quaternary. These 
taxa indicate variation from forest during warm and 
moist interglacials to dry steppe and open woodland 
during glacial periods. The significant representation of 
Pomaderris provides evidence of extra-regional expan- 
sion of wet sclerophyll forests, most likely in the nearby 
Otway Ranges. Through the sequence though there is 
evidence of a decline in the conifer Callitris and increase 
in importance of Eucalyptus. Similar trends have been 
noted in other long, but more recent, records from 
Australia, including nearby Lake Wangoom (Harle, 
1998) and more remote Lynch's Crater in northeastern 
Australia (Kershaw, 1976), and have been tentatively 
attributed to increased burning, advantaging the more 
fire-promoting Eucalyptus. However, there is no evi- 
dence of sustained changes in the charcoal record from 
Pejark Marsh, suggesting that fire was not a major 
causal factor in vegetation change. 

Changes in representation in minor pollen taxa, 
predominantly of rainforest affinity, are also evident 
within the record. Although some representation may be 
the result of contamination from Tertiary marl it is 
proposed that a number of taxa usually associated with 
the Tertiary actually survived in small, moist and 
sheltered areas until around the end of the Early 
Pleistocene. The presence of Araucaria pollen suggests 
that many patches could have been composed of drier 
rainforest presently restricted to lower subtropical 
latitudes in Australia. Conversely, a few taxa can be 
related to extant cool temperate rainforest that has 
survived, with reduced diversity, until today in the 
Otway Ranges. The greatest representation of Nothofa- 
gus cunninghamii type, the present dominant of cool 
temperate rainforest in many areas including the Otway 
Ranges, actually shows its greatest representation 
during an interglacial period at the very top of the 
record. The overall pattern indicates an ability of small 
rainforest pockets to survive under generally unfavour- 
able conditions for long periods of time and, in some 
cases to then have the ability to expand when conditions 
become more suitable. 

Fission track dates, supported by tentative correlation 
of vegetation changes with the marine oxygen isotope 
stratigraphy, suggest that the record may cover isotope 
stages 30-17, dated to between about 1.03 and 0.68 Ma. 
The basal part of the sequence shows subdued vegeta- 
tion variation, characteristic of the obliquity forced 
cycles of the Early Pleistocene, while the upper part of 


the record shows marked oscillations characteristic of 
Middle to Late Pleistocene eccentricity scale cyclicity. It 
is likely that the development of increased climatic 
variability at orbital scales, particularly increased aridity 
during glacial periods, had a major influence on the 
extinction of many taxa that had survived the relatively 
dry and variable climatic conditions of the Early 
Pleistocene. 


8. Uncited references 
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